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INTRODUCTION
Nature of the Problem
Currently one of the most pressing problems concerning livestock
operations is objectionable odors.
With the increasing number of farmers raising livestock in confine
ment, both within buildings and concentrated numbers in open feedlots, a
number of problems have arisen concerning manure storage, treatment, and
disposal. Many have increased the size of their livestock operation by
two, three, or more times and, along with this, have increased their manure
problem by the same magnitude. Where livestock are confined within a
building, gases released during biological decomposition of wastes have
created an added factor that must be considered in the environmental con
trol design. These gases have been blamed for the death of livestock
within buildings (18, 19).
The gases that are released during biological decomposition of wastes
also become objectionable to the operator and his neighbors. Because of
changes in management, increased concentrations of animals and increased
proximity between population centers and livestock enterprises in the last
few years, odors have become more pronounced and less tolerable. Odor
problems have arisen from essentially every manure management scheme being
used which include slotted floors, deep narrow gutters, solid floors, open
lots, lagoons, and field spreading.
Because there is no universal method of measuring odor level as there
is for light (lumens) and sound (decibels), the livestock producer has no
way of gaging the success of his management efforts. Odor levels are pres-
ently measured by Che subjective judgment of each individual. It is
extremely difficult, if not impossible, to standardize this type of measure
ment. A pleasant odor to one person might be an objectionable odor to the
next person. The fact that there is no universally pleasant odor complica
ted measurement problems.
In the past few years, several court cases have been tried concerning
odors affecting a neighbor or an urban area. The testimony at these trials
has verified the need for some method of measuring odor.
Recently, in Iowa, a cattle operation consisting of approximately 800
head was given a cease-and-desist order by a court. The operation was
located on the floor of an abandoned gravel pit with poor surface drainage.
A small community, approximately 1,000 feet away, complained of odors and
flies.^
In Missouri, a case was tried involving a swine operation. The opera
tion consisted of approximately 400 head on 12 acres of open lot and
approximately 3,800 head confined within buildings. The buildings con
tained partial slotted floors over a gutter which was periodically emptied
into a lagoon. Two neighbors complained of odor and surface water pollu
tion. The jury awarded the two plaintiffs $136,200 in damages of which
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$90,000 was for punitive damages.
Another recent court action resulted in the jury ruling in favor of
the livestock operator. Residents of a small community had claimed their
H/illrich, T. L., Ames, Iowa. Information from a consulting engineer
Private communication. 1969.
^Ibid.
property was being damaged by the flies and odor from the cattle feeding
operation adjoining the city limits. The plaintiffs either lived or owned
property across the road from the operation when it was first started. The
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jury ruled that the feeding operation was not a continuing nuisance.
With the trend toward larger operations and a closer proximity between
people and the operations, the future will undoubtedly see more complaints
and lawsuits concerning odors.
Areas other than agriculture have also expressed a need for quantita
tive measurement of odors. Mayers (17) states that from an engineering
viewpoint, one of the most important steps is to establish an objective set
of odor levels representing "comfort conditions". The air conditioning
industry has stated a need for the following information (13):
1. The odor load, which is the total odor which must be removed per
operating cycle.
2. The maximum odor level to be maintained.
Identification of the gases or compounds responsible for odor is
essential before effective odor control can be accomplished. Many of the
gases produced during bacterial decomposition of manure have been identi
fied. Considerable debate still remains as to which gas or gases or com
bination of gases is producing the odor. Several attempts have been made
to measure or monitor individual gases, but the level of the particular gas
measured has not been correlated with odor level.
^Ibid
Establishment of a standard method of measuring odors would enable a
producer to gage the success of his manure handling techniques and his
environmental control procedures and would enable a researcher to gage the
effectiveness of various means of controlling odors. Until such a standard
is developed, odor measurement will still be done by subjective judgment.
Objectives
Iowa State University, in cooperation with the American Iron and Steel
Institute, possesses a building (AISI Building) which contains two animal
chambers and a laboratory. For the past few years, this building has been
used for the purpose of identifying the gases being produced by decomposi
tion of manure and to study the corrosiveness of these gases upon various
materials used within each chamber.
In an attempt to quantitify the atmosphere according Co odors, the
conventional method of analyzing liquid wastes by using chemical oxygen
demand (for abbreviation purposes noted hereafter as COD) was used to ana
lyze the atmosphere within this building.
The specific objectives of this project were:
1. To determine if the COD technique could be used as a quantitative
measure of the organic gases present in a confinement swine build
ing atmosphere.
2. If (1) was successful, to determine if the level of organic gases
could be correlated with:
a. Observed odor level
b. Period of time animals are in the building
c. Air temperature
d. Relative humidity
e. Rate of dilution by ventilation air
f. Characteristics of the waste
LITERATURE REVIEW
Odor Theory and Olfaction
Odor may be defined as that which can be smelled. To smell may be
defined as to use the nerves and sensory cells in the nose to perceive
odor. This definition of odor is not of much help to research workers as
it creates a circle which brings one back to the same point. There is no
universal definition of odor that is accepted by all scientists. Many
workers have not attempted to define odor either because they must have
felt it was self-evident or it was impossible to fulfill the requirements.
Sagarin (30) theorizes that odor is not a property inherent in a sub
stance. Rather it is a quality that is present by virtue of a relationship
between the perceiver and the substance, and, as a result, there is no odor
unless it is perceived. He also contends a material that cannot be smelled
does not prove that it is odorless. Moncrieff (24) notes that in order for
a substance to be odorous, it (1) must be volatile and (2) must be soluble
in the tissues of the olfactory region.
A considerable amount of work has been done trying to correlate molec
ular structure with odor. Stoll (35) asserts that odor is influenced by
the kind of linking of the various atoms in a molecule and the form of the
molecule. When isomerism is created by a double bond and there are cis-
and trans-isomers, the odor difference is very distinct. For example, the
difference in odor level between cis- and trans-2-butene is quite apparent,
and the cis- and trans-3-hexenols have different odors with the cis-isomer
having a characteristic fresh green odor while the trans-isomer is reminis
cent of chrysanthemums.
The difference in odor strength in a series of molecules containing at
least ten carbons is rather small. Thus, in heavy molecules, the cis- and
trans-isomers may not be easily distinguished by odor. An increase in odor
intensity is apparent with each rise in a homologous series (36). Turk
(40) indicates that substances with molecular weights equal to or exceeding
that of air and with appreciable vapor pressures at ordinary temperatures
are generally otorous.
Naves (28) also notes that enantlomers have different odors, and the
odor of the racemic substance is different again. He explains that the
odor difference between the racemic compound and the enantiomers can result
from the competition between the racemic substance itself and the diastereo-
isomers.
Stoll (35) contends that the main body of odorous substances consists
of compounds of carbon, hydrogen, oxygen, nitrogen, and sulfur. These ele
ments can be combined to form an unlimited number of compounds and possibly
as many odors. Baker (3) determined that in many cases, mixtures of two
organic chemicals can result in synergism (intensification). Consequently,
the resulting odor created by the mixture may be more than the sum of the
individual odors. Rosen ^ al. (29) verified this by noting that the odor
of river water results from synergism among several compounds.
A considerable amount of work has been done on how the nose perceives
odor. Olfaction research is being done in hopes that enough insight will
be gained to create an artificial nose. Most scientists agree that infor
mation is received in the olfactory receptors and is transferred to the
higher centers of the brain which is accompanied by a series of complex
electrical events. These electrical events vary from very brief, lasting a
8few milliseconds at most, to slow sustained potential shifts, lasting up to
a second or more (27).
The Weber-Fechner psychophysical law states that a change in intensity
is not recognizable unless the alteration is sufficient to constitute a
definite functional increment applies to odor response (19). The minimum
change in odor level recognizable by the average person is near 30 percent.
For example, if at a given time the odor level of some substance could be
given a value of ten, then only at seven or thirteen is an Intensity change
appreciated.
Factors Affecting Odor Production
Turk (40) notes that the extent to which a gas or vapor is odorous
depends on its prevailing concentration and its minimum detectable concen
tration. Minimum detectable concentration has been given the connotation
of odor threshold. A function describing odor intensity is as follows (40);
Odor intensity = f (C /C )
^ w t
= e (G/QjCj.)
where: C = prevailing concentration of odorants (weight of odorants
w
per unit volume of air)
= threshold concentration of odorants
G = rate of generation of odorants (weight per unit titpe)
= equivalent ventilation with odorant-free air (volume per
unit time)
The rate of generation of odors depends greatly on the volatilities of
the gases and vapors at ordinary temperatures. Kuehner (12) found that
high humidity accelerates the volatilization of odors from certain house-
hold substances. Thus, a reduction in the ambient relative humidity
reduces the rate of odor production. He also found if the water vapor dif
ferential between the air of an enclosed space and that of a surrounding
outside space is increased, the rate of odor loss from the inside space
increases. When the moisture content of the air to the nose is less than
30 grains per pound of dry air, fairly consistent odor levels are measured,
but above this level, slight changes in humidity appear to give major
changes in odor perception.
Kerka and Humphreys (11) found that as an odor source is heated, it
gives off more odor. They also found that the intensity level of an odor
of constant concentration is lowered by an increase in humidity at a con
stant dry-bulb temperature. This is contrary to that reported by Kuehner
(12).
Smith and Hazen (33) observed that rapid removal of wastes from a con
finement swine building materially reduced odor level. They also noted
that a reduction in odor level reduces ventilation requirements which, in
turn, affects supplemental heating during cold weather. Mangold eX al.
(16) noted a reduction in odor level due to better defecation habits of
swine.
Volatilization of organic acids which are believed to contribute sig
nificantly to the malodors in a confinement building can be prevented by
maintaining the pH level of the manure at near neutral conditions (39).
Methods of Odor Control
Kuehner (13) lists the following as possibilities for odor control:
1. Reducing odor generating qualities of the odorant source.
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2. Neutralizing or masking the effect of odor.
3. Complete removal or destruction of odor.
The success of any one of these three methods is dependent upon know
ing the odor load present and the maximum allowable odor level to be main
tained. Both of these conditions necessitate the need for an accurate,
quantitative measure of odor level.
Several different methods of odor control have been and are being
tried in industrial applications. Methods of odor control listed by
Lindemann (14) include: combustion, neutralization by ion exchange, use of
activated charcoal, ventilation, oxidation, and masking. These methods
have resulted in varying degrees of success.
Burnett and Dondero (4) used disinfectants, deodorants, masking
agents, and digestive deodorants on liquid poultry wastes. An odor panel
was used for evaluation of the various additives. They concluded that
there are chemicals that will control airborne odor from animal wastes when
added directly to the waste prior to field spreading. The masking agents
and counteractants were found to be most effective.
Hananond ^ (7) found that adding lime to liquid manure in order to
raise the pH to the 9-to-ll range slightly affected the production of
hydrogen sulfide, carbon dioxide, and methane but did not affect the pro
duction of ammonia. They also found that by adding chlorine to prevent
bacterial action, the production of ammonia, hydrogen sulfide, and methane
was stopped, and the production of carbon dioxide was reduced.
11
Gases Identified
Day ^ (5) identified carbon dioxide, hydrogen sulfide, methane,
and ammonia as being present in a totally slotted floor confinement swine
building.
Using gas chromatography, Merkel (21) identified the following groups
of organic gases in a confinement swine building: amines, amides, alco
hols, carbonyls, disulfides, sulfides, and mercaptans. Odors from animal
wastes are probably a complex mixture of malodorous gases (hydrogen sulfide
and ammonia) and organic gases.
Miner and Hazen (23) found that ammonia concentrations in a swine
building were less than reported threshold odor levels. Since the building
had an obvious odor, they concluded that either (1) ammonia was not an
important component of the odor or (2) the odors are additive in effect,
and ammonia can be detected at concentrations below its threshold when com
bined with other odorous compounds.
Ludington ^ (15) found significant quantities of hydrogen sulfide
were produced when chicken manure was stored without aeration, and insig
nificant quantities were produced when stored with aeration.
A considerable amount of work has been done on determining threshold
limit values (TLV) for various substances. These values are used as the
level to which nearly all workers may be repeatedly exposed for a normal
work day over a lifetime without adverse effects. Table 1 lists TLV values
for several substances (9). It can be noted from this table that the
amines, mercaptans, and sulfides can be present in only small quantities as
compared to some of the other substances.
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Table 1. Threshold limit values
Substance TLV (ppm by volume)
Acetic acid 10
Ammonia 50
Butyl alcohol 100
Butylamine 5
Butyl mercaptan 10
Carbon dioxide 5,000
Carbon monoxide 50
Ethyl alcohol 1,000
Ethylamine 10
Ethyl mercaptan 10
Hydrogen sulfide 10
Isopropyl alcohol 400
1sopropylamine 5
Methyl alcohol 200
Methylamine 10
Methyl mercaptan 10
Propane 1,000
Triethylamine 25
Research has also been conducted on determining the smallest concen
tration of a substance that causes a faint odor. Table 2 lists some of the
values obtained by McCord and Witheridge (20). It is noted from Table 2
that, in general, mercaptans need be present in only very small quantities
in order to be perceived.
Odor Measurement
Most of the work done on odor has been directed toward elucidating the
structure and function of the various elements in the sense organ and
inquiry into the nature of odor itself. Odor measurement research has pri
marily involved the areas of olfactometers and odor panels.
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Table 2. Concentrations causing faint odor
Substance
Concentrations
causing faint odor
(mg/1)
Allyl alcohol 0. 017
Allyl amine 0. 067
Allyl mercaptan 0. 00005
Ammonia 0. 037
Carbon disulfide 0. 0026
Ethyl mercaptan 0. 00019
Hydrogen sulfide 0. 0011
Kuehner (13) lists organoleptic and chemical techniques as two work
able methods of odor measurement. With either method, there exist the
following two possibilities: (1) measure only one chemical in a complex
and use that concentration as an indicator or (2) measure a general overall
characteristic.
Summer (38) states the need for an instrument which can measure odors
is fundamental and important because human reactions to smell are instinc
tive rather than reasoned. Human reactions depend on the previous history
of the individual. Foster (6) points out that the response of even the
most highly trained nose is notoriously variable.
Due to the complex nature of the olfactory system and the subjectivity
of human response, scientists have studied various means of odor measure
ment by chemical and physical methods. Among the most widely used are gas-
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liquid partition chromatography using flame ionization and electron-capture
detectors, neither of which can replace the human nose (37). At the pres
ent time, no one knows how to relate the physical and chemical measures to
odor (6).
Several people have devised various kinds of olfactometers using such
techniques as blast-injection and air-dilution (37). Stone (36) compared
olfactometric measurements with sniffing. The olfactometer used a known
volume of odor diluted in air which flows by tubing to a subject seated
with his head placed in a plexiglas hood or to a nose cone. He found the
olfactometer to be more reliable and rapid than sniffing. The data
obtained indicated the instrument was reliable when airflow and temperature
control were precise.
Schutz (32) devised a method of odor measurement requiring panelists
to judge the similarity of an unknown chemical to each of nine standard
chemicals. This method is known as the matching standards technique. He
concluded that this method is a reliable and valid one which can be used
with a minimum amount of training and semantic problems. Amoore and
Venstrom (2) modified Schutz*a matching standard technique for use with
seven primary odors of the stereochemical theory. "Rie stereochemical
theory postulates that odor quality can be related to the physical fit of
its molecules into certain "receptor sites" at the olfactory nerve endings.
The method gives for any substance an "odor dimension analysis" which is a
numerical description of its odor in terms of the seven primary odors of
stereochemical theory. This is done by a panel of judges.
Standard Methods (34) indicates that an odor panel should consist of
not less than five and preferably more than ten members. A person s sensi-
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tivity varies widely, and even the same person will not be consistent from
day to day. As indicated by Standard Methods, the threshold number is cal
culated as the ratio by which the odor-bearing sample has to be diluted
with odor-free water for the odor to be just detectable. The threshold
number obtained is not a precise value.
Four odorants, anethol, citral, methyl salicylate, and safrol, were
examined by Kendall and Neilson (10) to get data on odor threshold concen
trations using gas-liquid chromatography with a flame ionizatlon detector
and the human nose. They concluded that the olfactory organs of the nose
were more sensitive than the chromatograph.
Merkel (21) used chemical absorption of gases from a confinement swine
building atmosphere in making an odor evaluation. Air from the swine
building was bubbled through hydrochloric acid for removal of amines,
through mercuric chloride and mercuric cyanide for removal of sulfur-con-
taining compounds, and through propylene glycol for removal of alcohols and
to some extent carbonyls, esters, and hydrocarbons. After smelling the
effluent from the absorbents, it was concluded that of those absorbed, the
amines and sulfur-containing compounds were most characteristic of swine
odor.
Some work has been done on oxidative measurement of odor. Oxidative
measures give a yield of the total amount of combustible material but do
not necessarily measure the odorants (1). At the present time, it has not
been established that there is a direct relationship between odor and the
concentration of oxidizable material.
In the tobacco industry, oxidative measures have been used (13).
Tobacco was burned, and smoke passed through a series of two tubes contain-
ing an oxidant. The results were recorded in terras of the quantity of oxl-
dant reduced per weight of tobacco burned using the assumption that the
quantity of tobacco burned and odor level are directly proportional.
Chemical Oxygen Demand
Chemical oxygen demand (COD) has been used as an import.int, rapid
parameter for stream and industrial waste studies to measure pollutional
strength. This test measures the total quantity of oxygen required for
oxidation to carbon dioxide and water. It is based upon the fact that most
organic compounds can be oxidized by a strong oxidizing agent under acid
conditions (31). Accordingly, this method should measure the oxygen demand
of organic gases provided the concentration of gases and the normality of
the oxidizing agent are in correct proportions. Potassium dichromate
is used as the oxidizing agent. One limitation of the COD test
is its inability to distinguish between biologically inert and biologically
oxidizable organic matter.
There is no reduction of the dichromate by any ammonia liberated from
the proteinacGous matter, but the carbonaceous portion of nitrogenous com
pounds can be determined (34).
Acetic acid is unaffected by the acid dichromate solution alone, but,
when silver sulfate is added as a catalyst, oxidation is better than 95
pcrcent of theoretical (26).
Hydrocarbons and straight-chain acids and alcohols are oxidized very
sliglitly whereas branched-chain acids and alcohols as well as phenolic com
pounds are readily oxidized (25). According to Standard Methods (34),
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addition of silver sulfate also increases oxidation of straight-chain alco
hols and acids.
The reaction that takes place during the oxidation of organic material
may be represented as follows (31):
CH0. + cCr O + ScH"*" nCO„ + H^O + 2cCr'^
nab 27 ^ ^ ^
2 ^ a b
where r c
From this equation, it is possible to determine the amount of organic mate
rial that should be oxidized by a given amount of potassium dichromate.
Gas Properties
The three steps as listed by Merkel (21) in the breakdown of animal
manures are as follows:
L. Rapid disappearance of the available oxygen.
2. Putrifaction in which the action is under anaerobic conditions.
3. Oxidation or nitrification of the products of decomposition
resulting from the putrefactive state into nitrates and nitrites.
The second stage gives off the foul-smelling odors.
Solubility in water and vapor pressure appear to be important factors
governing the release of gases from the manure. Within a specific homolo
gous series, vapor pressures generally decrease with increasing molecular
weights. In general, odor intensity increases with the ascent of a homolo
gous series until opposed by decreased volatility. Gases with higher vapor
pressures at a given temperature would be expected to be more readily
released and present in the atmosphere.
Although the organic acids are intermediates in anaerobic decomposi
tion of manure, Merkel e^ a^. (22) did not detect these vapors above the
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storage pit. Apossible explanation may be that at a pH of 8.0 or above,
the organic acids are completely dissociated and in a dissociated state do
not exert a vapor pressure and, therefore, were not detected. Gases,.such
as methane, that are insoluble escape Immediately after being produced
whereas more soluble compounds remain in solution available for use in
other metabolic processes. The pH of the solution substantially influences
the solubility of many compounds. For example, in low pH conditions, the
h"*" and HS" ions combine to form hydrogen sulfide which escapes and produces
the typical sulfide odor whereas at high pH, there is almost no hydrogen
sulfide odor (21).
Table 3 lists some of the physical properties of a few compounds that
are of interest (8).
Assessment
A review of the literature has indicated there is a considerable
amount of interest in odor by people from various disciplines. Until
recently, most of the work was done concerning odor theory and olfaction
theory. As a result of urban development, industrial growth, and rapid
changes in agriculture, more concern has been shown toward identifying and
controlling odors which necessitates some means of quantitatively measuring
odors. '
It was noted that odors vary greatly among different substances and
even between cis- and trans-isomers of the same compound. \Jhen one takes
this into account along with the fact that synergism can exist between two
chemicals, it is immediately apparent that odors are very complex. This
19
Table 3. Vapor pressures and solubilities
Vapor pressure Solubility
ca20'^ c g/100 g of H.O
Compound (atm.) (^20 C
Ammonia 8.46 521
Acetic acid 0.0171 X*
Methanol 0.126 X
Dimethylamine 1.8 Very soluble
Ethylamine 1.2 X
Carbon dioxide 58.0 0.1688
Me thane 40.0 (@-86.3°C) 9 ml/100 ml
Ethyl mercaptan 1.47
Methyl mercaptan 1.7 Slightly soluble
Carbon disulfide 0.445 2.16
Hydrogen sulfide 17.7 0,3846
Water 0.0316 • • •
•^Soluble in all proportions.
undoubtedly explains why a reliable quantitative measure of odor level has
not been developed.
It is fairly well accepted that confinement swine building odors are a
complex mixture of nialodorous organic gases. No one has determined how the
total odor level is influenced by synergism of various individual odors.
It was noted that mercaptans which have been identified in a swine atmo
sphere cause a faint odor in concentrations as low as 0.05^g/l.
Very little work has been done on measuring odor level using some
overall characteristic. Most of the work reported involves monitoring one
element or substance and using it as an indicator of the whole.
According to the principle that most organic compounds can be oxidized
by a strong oxidizing agent under acid conditions, upon which the COD tech
nique is based, the organic gases in a swine atmosphere should be detec-
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table using COD analysis. One of the first questions that arise is "Which
of the gases that are present will this method oxidize?". Standard Methods
(34) indicates that one should not expect ammonia to be oxidized. Conse
quently, it is quite likely that this method will not oxidize the nitroge
nous portion of any compound such as amines. Organic acids should be pres
ent in the atmosphere if the pH of the solution is 8.0 or below. When sil
ver sulfate is used as a catalyst, acetic acid, and probably all organic
acids present, can be expected to be oxidized. Silver sulfate also
increases the oxidation of the straight-acids and alcohols. As reported by
Moore e;t a!^. (25), the branched-chain acids and alcohols should be easily
oxidized, but the hydrocarbons should be very slightly oxidized.
According to vapor pressures, the smaller compounds of a homologous
series should be more abundantly present in the atmosphere. Table 3 indi
cates that, in general, the amines and mercaptans have vapor pressures
greater than one atmosphere. Gases that are not very soluble in water
would be expected to be more readily available for oxidation. It was noted
that the mercaptans and sulfides have a fairly low solubility in water.
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EXPERIMENTAL
Facilities
The research for this project was conducted at the Swine Nutrition
Research Station. Most of the data were taken in the AISI building con
sisting of two animal chambers (east and west) and a laboratory. A pres
surized ventilation system provides fresh air to each chamber. Each animal
chamber has a capacity of 24 animals and is divided into three pens. Each
pen is four feet wide and 16 feet long with a floor slope of k inch per
foot. At the lower end of the slope is a four-foot square section of slot
ted floor over a deep, narrow gutter equipped with an overflow pipe (Figure
1)-
Eight hogs averaging about 60 pounds each were placed in each pen.
The hogs were self-fed a 14-pGrcent protein ration (Appendix A) and were
kept in the building until they reached market weight. The deep, narrow
gutter was not emptied while the animals were in the chamber.
Equipment
Air was pulled from each chamber through an 0.8^ filter by a dia
phragm pump. The airflow rate of the pumps varied from 0.08 to 0.12 cubic
feet per minute. The filter was placed in the alley at the south end of
each chamber (Figure 2). The air was drawn into the filter approximately
26 inches above the nearest point on the slotted floor and was forced
through a series of three 38 x 200 millimeter culture tubes containing the
oxidizing solution. The second and third tubes were used as a check upon
the efficiency of the first tube. Airflow measurements were not taken ini
tially, as the main purpose at that time was to determine if this method
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was worthy of further pursuance. A wet test meter was later added to mea
sure airflow. The pump, tubes, and wet test meter as used in the AISI
building are shown in Figure 3.
Procedure
Initially, several suppositions were made concerning the experimental
procedure. There was nothing found in the literature concerning this kind
of application of the COD technique. Consequently, there were no guide
lines upon which to base needed decisions.
Initial measurements were taken by forcing air, after being filtered,
through the series of three tubes each containing 50 milliliters of 0.25
normal potassium dichromate. The air was filtered because there was a con
siderable amount of dust present in the atmosphere. Most of the dust was
thought to have originated from the feed of which a high percentage is
organic matter. Since the main objective was to measure organic gases,
dust particles would only create another variable. A diffuser stone was
used in the first tube in order to provide more surface area which would
hopefully create better absorption. Air was forced through the tubes for
24 hours with samples being taken once every week. A 20-railllliter sample
was taken from each tube and analyzed for air COD. The procedure used to
analyze for COD was the same as used for water and wastewater as prescribed
in Standard Methods (34). The air COD value was calculated from the fol
lowing equation:
air COD (mg/24 hrs.) = 2(A-B)
where: A = ml ferrous ammonium sulfate Fe (NH^)^ (80^)2 used for
blank
Figure 3. Pump, tubes, and wet test n^ter
9Z
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B = ml Fe (NH^)^ CSO^)^ used for sample
This equation was adapted from the following equation which is the standard
used for calculation of COD in water and wastewater:
CA-B) C X 8000
GOD (mg/1) = ^ —
® ml of air sample
where: A = ml Fe (^11^)2 ^^^4)2 blank
B = ml Fe (NH^)^ ^^*^4)2 sample
C = normality of Fe (^^4)2 ^^^4^2
In Figure 4, the air COD values are plotted against the period of time
after the hogs were placed in the building. The air COD values were calcu
lated in milligrams per 24 hours as airflow measurements were not taken.
One of the first problems encountered was that part of the potassium
dichromate solution was being evaporated during the 24-hour period. It was
thought at first that only distilled water was being lost, and the amount
of material lost was replaced by distilled water to bring the sample back
to the original volume. If only distilled water was lost, the normality of
the potassium dichromate would be constantly changing throughout the 24
hours. If both distilled water and potassium dichromate were being lost, a
correction could be made in the calculations by subtracting the amount lost
from the original volume and using this volume for comparison with an equal
volume of potassium dichromate used as the blank. In an attempt to correct
this problem, air was forced through the tubes for only one hour instead of
24 hours. In preliminary investigations, the time period of one hour and
the 0.25 normal potassium dichromate were found to give inconsistent
results as only a small portion of the potassium dichromate was reduced.
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The 0.25 normal potassium dichromate was replaced with a 0.025 normal solu
tion. Using the diluted solution and a time period of one hour, prelimi
nary investigations indicated consistent results could be obtained. The
ferrous ammonium sulfate used for titration was also diluted ten to one
(0.025 N) with distilled water.
The airflow of the pumps was found to vary somewhat; consequently, a
wet test meter was added for the remaining tests.
Since COD is based upon the fact that most organic compounds can be
oxidized by a strong oxidizing agent under acid conditions (31), it seemed
logical that adding the sulfuric acid (H^SO^) to the potassium dichromate
before bubbling the air through would improve the efficiency and consis
tency of the technique. The diffuscr stone being used had a metal connec
tion; consequently, it could not be used in sulfuric acid. A field of
glass beads was substituted for the diffuser stone.
In an attempt to simplify the technique, it was decided to use only 20
milliliters of potassium dichromate since this was the amount used to
reflux. A comparison was made to determine the best oxidizing solution to
use.
The tests were made simultaneously for one hour in the west chamber
using several variations with potassium dichromate (K^Cr202)• The results
are shown in Table 4.
After the air was bubbled through the tubes, the solution was refluxed
for 2 hours as prescribed by Standard Methods (34) for use with water and
wastewater. Four samples were taken simultaneously from the west chamber
with the reflux time being varied. Table 5 contains the results of this
test.
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Table 4. Comparison of oxidizing solutions
Solution
Air COD
(^g/1-)
50 ml K^Cr^O^ only 12.7
50 ml K^Cr^O^ + diffuser stone 13.2
20 ml K^Cr^O^ + diffuser stone 13.3
20 ml K^Cr^O^ + 20 ml H^SO,
2 4
22.8
20 ml K2Cr20^ + 20 ml H^SO^ + glass beads 24.8
Table 5. Effect of reflux time on air COD
Reflux time
(hours)
Air COD
(^g/1)
0 12.75
0. 5 18.50
1. 0 20.10
2, 0 20.80
As previously mentioned, air samples were taken in the alley of the
south end of each chamber 26 inches above the slotted floor. An experiment
was conducted to determine if sampling height had any effect upon the air
COD value obtained. The COD values for varying heights are shown in Table
6. The ceiling was 107 inches above the slotted floor.
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Table 6. Effect of height on air COD
Height above slotted floor Air COD
(inches) (fig/1)
Below 22.0
12 18.6
26 20.0
59 20.2
96 23.1
To determine if the amount of air bubbled through the tubes for the
one-hour period had any effect upon air COD values, three different volumes
of air were used. Table 7 lists the results of this experiment.
After concluding the foregoing experiments, the following procedure
was derived and used for taking the remaining data:
1. Three 38 x 200 millimeter culture tubes were connected in series
with a glass bead field in the first tube.
2. Each tube contained 20 milliliters of K2Cr20^ and 20 milliliters
of H^so^.
3. Air from within the chamber was pulled through a filter from a
height of 26 inches above the slotted floor for a period of one
hour. The volume of air was recorded for each test.
4. The solution was refluxed for two hours.
The solution was titrated with Fe (NH^)2 and the concen
tration of air COD was calculated in^g/1 by weight. Most ojf the
threshold values reported in the literature were ppm by volume.
5
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Tabit.- 7. Effect of airflow rate on air COD
Air volume Air COD
(ft^) (^g/1)
2.980 18.5
4.147 18.7
5.961 18.6
With an air COD value, it is difficult to calculate a meaningful
concentration by volume since there is not a good basis upon which
to express it in this way.
6. At the completion of an analysis, all glassware was washed in a
detergent, rinsed in tap water and distilled water. After the
glass beads were used, they were let stand in chromic acid for
several hours and then rinsed in tap water and distilled water.
Since the normality of the ferrous ammonium sulfate was changed and
volume of air was being recorded, the equation for calculation of air COD
had to be modified. The following equation resulted from the modification:
200 (A-B)air COD (n g/1) = . r ^
ml of air sample
where: A = ml Fe used for blank
B = ml Fe sample
Results
Once a procedure was decided upon, data was taken in both chambers of
the AISI building during two separate time periods. The first group of
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hogs were in the building from December 24, 1968, to February 26, 1969.
Data were taken once a week during this time interval. Figure 5 shows a
plot of air COD concentration versus time the animals were in the building.
Temperature and relative humidity were recorded in each chamber.
These values represent the temperature and relative humidity at the time
the sample was taken. Air COD concentrations are plotted against air tem
perature in Figure 6, and Figure 7 shows air COD concentration plotted
against relative humidity.
Data obtained from the second group of hogs were taken from March 18,
1969, to June 6, 1969. Air COD concentrations are plotted against time the
animals were in the building in Figure 8. Figures" 9 through 12 show air
COD concentrations plotted against air temperature and relative humidity
for both chambers.
During the period of time this group of hogs was in the building, COD,
temperature, and pH data were taken on the manure in the pit to determine
if these factors had any effect upon the air COD values. In Figures 13
through 18, air COD concentrations of the air are plotted against COD, tem
perature, and pH of the manure for both chambers.
In an attempt to determine if the rate of dilution by the ventilation
air had any effect upon the air COD values, the ventilation fans were
turned off three times, each for a period of approximately eight hours with
hogs in the building and once after they had been removed. The results are
plotted in Figure 19. The complete set of data including ambient air tem
peratures and relative humidities are shown in Tables 17 through 22 (Appen
dix B) .
Fi
gu
re
5.
A
ir
CO
D
vs
.
pe
rio
d
of
tim
e
af
te
r
ho
gs
w
er
e
pl
ac
ed
in
bu
il
di
ng
,
D
ec
em
be
r,
19
68
,
to
Fe
br
u
ar
y,
19
69
,
(2
0
m
l
20
m
l
H
2S
0^
,
1
ho
ur
)
3
5
3
0
5
2
5
Q O o
2
0
£
_
a
1
5
1
0 0
^
\
°
w
e
s
t
c
h
a
m
b
e
r
o
e
a
s
t
c
h
a
m
b
e
r
J
1
I
L
J
L
0
1
0
2
0
3
0
4
0
5
0
ti
m
e
(d
a
y
s)
6
0
7
0
Figure 6. Air COD vs. air temperature, December, 1968, to February,
1969, (20 ml 20 ml H2S0^, I hour)
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Figure 9. Air COD vs. air temperature, east chamber, March, 1969, to
June, 1969, (20 ml K^Cr^O^, 20 ml H^SO^, 1 hour)
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As mentioned previously, one of the objectives of this project was to
determine if the air COD values could be correlated with observed odor
level. At the time samples were taken for air COD analysis, a description
of the odor level was recorded by the author. The changes in odor level
were to be compared with the changes in air COD values taken at the same
time. It was soon discovered that any person who works regularly in this
kind of environment is not a very good judge of the odor level. This idea
was abandoned, and air COD values were taken from various buildings and
locations where there obviously was a different odor than in the AISI
building. Several samples were taken in a 700-head finishing unit at the
Swine Nutrition Farm. This building consists of a solid concrete floor
with a flushing gutter which carries the manure out of the building period
ically each day into a lagoon. A reading was also taken beside the lagoon.
It was quite apparent that the odor in the finishing unit and by the lagoon
was less putrid than in either chamber in the AISI building. A sample was
also taken in the Agricultural Engineering Building where there is no con
nection or proximity to a swine unit. These samples were all taken the
same day under essentially the same climatic conditions. The results are
shown in Table 8.
As previously mentioned, Merkel (21) has identified several groups of
organic gases that result from bacterial decomposition of manure. Samples
oC air COD analysis were taken from an atmosphere under essentially the
same conditions as used by Merkel. The assumption was made that all of the
gases identified previously were present when taking air samples. Various
gases were bubbled through the potassium dichromate-sulfuric acid solution
to determine how sensitive this method was to the known gases present. The
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Table 8. Comparison of air COD values at different places (May 20, 1969)
Air COD concentration
Place (/jLg/1)
AISI building
West chamber 21.0
East chamber 20.3
Unit K 10.4
Next to lagoon 9,8
Agricultural engineering building 3.5
following gases and vapors were used: ammonium hydroxide, hydrogen sulfide,
liquefied petroleum, acetic acid, methyl alcohol (methanol), methylamine,
sec-butyl mercaptan, and formaldehyde (carbonyl). Vapors from 100 milli-
liters of each of the liquids were jsed, and liquefied petroleum gas was
taken from the gas line in the laboratory. The standard equipment used to
take air samples in the swine chambers was used. The concentrations deter
mined are shown in Table 9.
As shown in Figures 15 and 16, there appeared to be no relationship
between air COD concentrations and the temperature of the manure. These
results were for only a small range of temperatures as would normally be
expected in a swine confinement building. A sample of manure was put in a
two-liter flask which was placed in a water bath where manure temperature
could be varied considerably. Air was forced into the flask from the labo
ratory and out of the flask into the potassium dichromate-sulfuric acid
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Table 9. Gases measured by air COD
Gas
Ammonium hydroxide
(NH^OH)
Hydrogen sulfide
(H2S)
LP gas (propane and butane)
CH^CH^CH^ and
Acetic acid
(CH^COOH)
Methyl alcohol
(CH^OH)
Methylamine
(CH3NH2)
Sec-butyl mercaptan
CH^CH2CH(CH^)SH~'
Formaldehyde
(HCHO)
Air COD concentration
(^g/1)
28.6
900.0
120.0
75.0
1,790.0
24.3
15,500.0
1,830.0
solution. The manure temperature was varied from approximately 70 F to
136°F. Tlie results are plotted in Figure 20.
When the sulfuric acid was mixed with the potassium dichromate, the
solution attained a temperature of approximately 180°F. In all of the
tests previously reported, the air pump was started with the solution at
this temperature, and it was allowed to vary with the temperature of the
ambient air. At the end of one hour, the temperature of the solution would
be essentially equal to that of the ambient air. This means that normally
within an hour's time, there was a drop of at least 100°F in solution tem
perature. Some previous indications were noted that this temperature
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change might have an effect upon the air COD value obtained. Using the
manure in the water bath, the temperature of the potassium dichromate-sul-
furic acid solution was held constant at 190°F in a water bath at three
different temperatures of manure. The three values are plotted in Figure
20. The time of operation used was one hour after initially using a period
of 24 hours. It was expected that for time periods of less than one hour,
tha air COD concentrations would be less than those for one hour. Time
periods ranging from two minutes to two hours were used to determine if the
relationship was as expected. The results which are contrary to what was
expected are shown in Figure 21.
Some work has been reported on odors in poultry buildings, and it was
decided to take some air samples from three different poultry buildings to
see if an air COD value could be obtained. The floor systems were as fol
lows: cage over open gutter, pen on slotted floor, and pen on dirt floor.
The samples were taken in the alley of each building approximately 16
inches above the floor. The results are shown in Table 10.
Table 10. Air COD in poultry houses
Floor system
Cage over open gutter
Pen on slotted floor
Pen on dirt floor
Air COD concentration
(;xg/i)
15.0
15.8
15.2
Figure 21. Air COD vs. operating time (west chamber, 20 ml K«Cr 0_,
20 ml H^SO^, 1 hour) ^ ^ '
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DISCUSSION
Procedure
Initial tests indicated that an air COD value could be obtained for an
atmosphere in a confinement swine building. It was not known at that time
what value this method would have, but it was speculated that air COD could
be correlated with odor. Most of the initial decisions were made without
much supporting evidence or information. Through trial-and-error, the
technique was modified considerably until it was essentially free of prob
lems. In general, the procedure requires excellent laboratory techniques
such as extreme care in the handling and washing of glassware and in the
measurement of chemicals. As previously mentioned, it is extremely sensi
tive to minute particles of foreign matter that might be on glassware or in
a chemical. Once the technique was established, the problem became that of
determining its value, if any, and what factors affected the air COD values
obtained.
As previously stated, in the beginning only potassium dichroraate was
used as the oxidizing solution. The addition of a diffuser stone in the
first tube resulted in essentially no difference in the air COD value
obtained as shown in Table 4. Since potassium dichromate was a good oxi
dizing agent under acid conditions, it was reasoned that the addition of
sulfuric acid before bubbling air through the tubes would increase the air
COD value. This was found to be true as the addition of sulfuric acid
resulted in approximately a 75 per<sent increase in the COD values. The
addition of glass beads provided a small increase, though not nearly as
significant as the addition of acid. In future work, it would simplify the
74
technique if the glass beads were left out or replaced by an all-glass dif-
fuser. The glass beads were found to be one of the principal sources of
error if they were not thoroughly clean, as foreign matter would easily
cling to the surface of a bead.
In Standard Methods (34), a reflux time of two hours was prescribed
for water and wastewater. It was not known initially whether all gases
being measured were oxidized during the time when air was being pumped
through the tubes or whether the samples needed to be refluxed. As shown
in Table 5, a reflux time of at least one hour was necessary to oxidize all
gases in the potassium dichromate-acid solution. A two-hour reflux time
indicated a very small increase over a one-hour period. All samples ana
lyzed in this project were refluxed for two hours; consequently, a total
time of three hours is required to analyze a sample. In future work, it
would appear that this total time could be reduced by one-third since the
advantage of a two-hour reflux time is very small.
A wet test meter was added in series with the pump and tubes as the
airflow rate of the pumps was found to vary somewhat. The volume of air
flow was thus recorded for each sample. The results in Table 7 indicate
the volume of air forced through the tubes during the one-hour period had
essentially no effect upon the air COD values obtained; consequently, for
all tests except those reported in Table 7, the pumps were allowed to oper
ate at their full capacity.
The operating time of one hour in connection with the change to 0.025
normal potassium dichromate and the< addition of sulfuric acid was found to
give higher values than for an operating time of 24 hours. Projecting the
values obtained from one hour to 24 hours of operation resulted in values
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from two to six times larger than those obtained operating for 24 hours,
and, as a result, all tests had a one-hour operating time except those
reported in Figure 4. Unfortunately, it was not until toward the end of
the project that the decision was made to investigate operating times less
than one hour. The results were expected to show air COD concentrations
Cor operating times less than one hour to be essentially the same as those
obtained for one hour. As shown in Figure 21, the results did not verify
this. The values shown for one- and two-minute operating times are the
average of three tests and a:re over 200 times those obtained for one hour.
As previously indicated, airflow was shown not to have an effect upon the
air COD value; consequently, it can be ruled out as a contributing factor.
With the present knowledge available, it appears that the temperature of
the potassium dichromate-acid solution might be a contributing factor,
since it varied from an initial temperature of approximately 180*^F to a
final temperature that was the same as the air being sampled. Since it is
known that potassium dichromate is a good oxidizing agent under acid condi
tions and elevated temperatures, it can be surmised that, for a given oper
ating time, a higher air COD value would be obtained when the temperature
of the solution was kept at an elevated temperature rather than being
allowed to vary, but it was not expected to obtain a higher value for a
shorter operating time. Using the manure in the flask which was placed in
a water bath, three tests were made maintaining the temperature of the oxi
dizing solution at approximately 190°F while varying the temperature of the
manure. Increases of 50, 52, and 57 percent were recorded while maintain
ing the 190°F solution temperature over readings taken at the same manure
temperature while allowing the solution temperature to vary.
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The question that immediately arises is "Can the potassium dichromate-
acid solution be reduced and eventually be reoxidized with longer periods
of operating time?". Preliminary investigations using methyl alcohol which
will reduce the potassium dichromate indicated the oxidizing solution was
not being reduced and eventually reoxidized. Enough methyl alcohol was
added to two sets of three tubes containing the usual oxidizing solution to
reduce approximately 75 percent of the potassium dichromate. One set of
tubes was used as a check, and air free from any swine odors was pumped
through the other set. Both sets were then analyzed for air COD. The
results showed no difference indicating that the oxidizing solution was not
reoxidized after initially being reduced.
An explanation for the air COD-operating time phenomenon has not been
determined at this time.
All tests were taken with the filter placed as shown in Figure 2. An
experiment was conducted to determine if sampling height within the chamber
had any effect upon the air GOD values. As shown in Table 6, the results
indicate that height had little effect. There was some indication of an
accumulation of heavier gases beneath the slats and of lighter gases near
the ceiling.
I
Results
Samples were taken periodically, initially once every week and later
once every two or three days, in the AISI building. It was expected that
as the length of time the animals were in the building increased, there
would be a buildup of organic gases, and, consequently, the air COD values
would increase with time. During the period of time the first group of
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hu^s was in tlu- building, there appeared to be some indication that the air
COD values were increasing with the period of time the hogs were in the
building, although the data showed considerable scatter and considerable
changes from one week to the next (Figure 4). After this group of hogs,
the procedure was changed, and. as a result, these data cannot be compared
with subsequent data.
As shown in Figure 5, using the modified procedure, the air COD values
did not increase as was expected. Instead, higher values were obtained at
the beginning and at the end of the period than during the middle. Both
chambers followed essentially the same pattern. During the time the third
group of hogs was in the building (Figure 8), essentially the same trend
was observed although not nearly as prominent as in Figure 5. Again, this
trend was observed in both chambers. A Look at the pH data on the manure
in the pit (Figures 17 and 18) gives a possible explanation for this trend.
It can be noted from these two figures that around a pH of 7.0, all of the
CCD values are below the mean. It can also be noted from Tables 14 and 15
that a pH of 7.0 was attained approximately 30 days after the hogs were
placed in the building. Figure 8 shows indications of obtaining lower air
COD values approximately at the same time as does Figure 5, 30 days after
hogs were put in the building. Although no pH data were available for the
period of time in which air COD values were obtained as shown in Figure 5,
one could surmise that the decrease in pH with time would follow essentially
the same pattern as shown in Tables 14 and 15. T^us, the possibility
arises that this technique was measuring different gases when the pH was
7.0 or above than it was when the pH was 7.0 or below. Merkel e^ (22)
indicated that organic acids are completely dissociated at a pH of 8.0 or
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above and in a dissociated state do not exert a vapor pressure and, there
fore, cannot be detected. Since no values of pH of 8.0 or above were
recorded, it is unlikely that this phenomenon with organic acids can
explain the observed trend, but it does point out the possibility that
other groups or compounds might be highly affected by pH of the manure as
to whether it is acid or basic. Hammond e^ (7) also points out that by
altering the pH, they could affect the production of ammonia, hydrogen sul-
fide, methane, and carbon dioxide. There appears to be very little infor
mation available concerning the effect of pH on the production of the
organic gases known to be present in a confinement swine atmosphere.
Two of the objectives of this project were to determine if temperature
and relative humidity had any effect upon the air COD values of the air.
The temperature and relative humidity were recorded at the time the sample
was taken, and the air COD values were plotted against these recordings.
Continuous readings of the temperature and relative humidity were also
available. There was the possibility that the average temperature or rela
tive humidity for the previous 12 hours, 24 hours, or possibly a week might
be a more significant factor than the readings observed at the time the
samples were taken. An analysis of this possibility indicated that the
readings followed essentially the same pattern regardless of which tempera
ture or relative humidity was used. Consequently, the COD concentrations
are plotted against the temperature and relative humidity recorded at the
time the sample was taken.
All three temperature analyses (Figures 6, 9, and 10) indicate essen
tially no relationship between air COD concentration an^ air temperature.
Figure 7 indicates a possibility of a critical relative humidity in the
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range of 55 to 65 percent, but Figures 11 and 12 for the third group of
animals do not show this.
Temperature and COD readings in addition to pH were taken on the
manure in the pits during the period March, 1969, to June, 1969. As shown
in Tables 14 and 15, the following trends were noted with the time after
which the hogs were placed in the building:
1. Liquid temperature increased
2. COD increased
3. pH decreased
Figures 13 and 14 indicate essentially no relationship between air COD and
the COD of the manure in the pits. An analysis was made to determine if
air COD could be correlated with a factor R which was defined as the COD of
the manure divided by air COD, but, again, no trend was apparent.
Figures 15 and 16 reveal no apparent trend between air COD and the
liquid manure temperature. The temperatures recorded ranged from 60°F to
72°F, a fairly small temperature differential. As previously stated, a
sample of manure was taken from the pit in the east chamber and placed in a
flask which was put in a water bath. Using a greater temperature differen
tial, air COD values were definitely found to increase considerably as the
temperature of the manure increased above lOO^F, which would indicate more
organic gases being released and an increase in odor level as observed by
the author. Kerka and Humphreys (11) found that as an odor source is
heated, it gives off more odor. This might tend to indicate that the air
COD technique can detect odor differences where great enough, but the odor
differences in the AISI building from day to day were too small to be
detected. The results in Table 8 tend to support this possibility as the
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air COD values were considerably lower where the odor was obviously less
(Unit K and next to the lagoon) as observed by the author and by the fact
that the air COD concentration was negligible in the Agricultural Engineer
ing Building which has no proximity to a swine operation.
Figure 19 indicates that the air COD technique was responsive to the
rate of dilution by the ventilation air. In each instance, when the venti
lation was turned off, a sudden rise wa3 noted in the air COD concentration
indicating a buildup of organic gases with no air movement. The value of
A4.4 ^g/1 obtained in the east chamber on May 13 would appear to possibly
have been an error in measurement after noting the subsequent days when the
ventilation was turned off. In each case, after turning the ventilation on
again, the air COD values dropped down to essentially what they were before
turning off the ventilation.
As shown in Table 9, an attempt was made to determine what groups of
gases the air COD technique would measure. These results indicated that
the technique was capable of measuring these gases individually, but they
did not necessarily indicate how sensitive the air COD procedure was to a
mixture of several of these gases. It appeared that the technique was
extremely sensitive to small concentrations of mercaptans. Standard Meth
ods (34) indicated the COD as applied to water and wastewater would not
reduce any ammonia; however, using ammonium hydroxide, an air COD value was
obtained. With the indication that this method was measuring most of the
gases thought to contribute to the odor in the building, the possibility
exists that one gas or one combination of gases might predominate an air
COD value and that this gas or combination of gases might not be the sjame
one each time air samples were taken.
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LiqueCied petroleum gas which was mostly propane and butane was
reduced by the dichromate. This result indicates that methane was probably
being reduced also.
Major Observations
In this project, drawing definite conclusions appeared to be almost
impossible. A satisfactory technique was developed to measure the COD of
the atmosphere in a confinement swine building. Determinations of what the
air COD value included were not conclusive. Gases known to contribute to
swine odor were shown to be reduced by the potassium dichromate.
Where possible, trends are indicated recognizing that future work may
either verify or reject these trends.
The trends suggested by the data are as follows:
1. The COD technique can be used as a quantitative measure of the
organic gases present in a swine building atmosphere.
2. The air COD values can be correlated with noticeable differences
in odor level as detected by the human nose.
3. The air COD technique detected different gases when the pH of the
manure was above 7.0 than when it was below 7.0.
4. The air COD value rises sharply when the ventilation is turned off
and drops sharply when it is turned on again.
5. The air COD values are the lowest when the pH of the manure in the
pit is in the range of 6.8 to 7.2.
Re c omme nd a t i ons
1. That an explanation be determined for the relationship between air
COD and operating (sampling) time.
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2. That a dt-termination be made as to whether air COD is an overall
measure of the level of organic gases or whether one gas or a com
bination of gases is predominate.
3. That concentrations of the organic gases in a swine atmosphere be
determined.
4. That minimum concentrations of organic gases that air COD will
detect be determined.
5. That a simplified procedure be devised where samples could be
taken in the field without the use of an electric pump and a wet
test meter.
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APPENDIX A. COMPOSITION OF RATION
Table II. Composition of ration
Ingredients
Yellow corn (ground)
Solvent soybean oil meal (50% protein)
Vitamin premix
Calcium carbonate
Dicalcium phosphate
Salt (iodized)
Trace mineral premix*
Aurofac 40
Calculated Analysis
Protein, percent
Calcium, percent
Phosphorous, percent
Vit. A, I.U. per lb.
Vit. D2, I.U. per lb.
Riboflavin, mg. per lb.
CA Pantothenate, mg. per lb.
Niacin, mg. per lb.
Choline chloride, mg. per lb.
Vit. B]^2» tncg' per lb.
Chlortetracycline, mg. per lb
Pounds
82.75
13.50
0.50
0.90
1.25
0.50
0.10
0.50
100.00
14.10
0.71
0.52
0.52
1582
300
6.6
18.2
352
10
20
; Cu, 4.8 ppm; Co, 1.6 ppm;^Contribution per lb. ration: Fe, 70.4 ppm
Zn, 82.6 ppm; Mn, 56.8 ppm.
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